Introduction {#sec1-1}
============

Acute viral hepatitis is a systemic infection affecting the liver predominantly. Almost all the cases of acute viral hepatitis are caused by one of five viral agents: Hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus and hepatitis E virus (HEV). Hepatitis may occur with limited or no symptoms, but often leads to jaundice, anorexia and malaise. Clinically classified the hepatitis in two form acute and chronic; hepatitis is acute when it lasts \<6 months and chronic when it persists longer.

Hepatitis A virus and HEV are acquired by consuming food and water contaminated by the virus (excreted in-patient\'s stool) by way of the fecal-oral. HBV, HCV are contagious by blood and blood products, also may be transmitted by sexual contact. Vaccine for hepatitis A and B is available, but no vaccine is available for hepatitis C or E.

Viral hepatitis infection has been reported to be present throughout the year, but some particular months are associated with higher incidences in most of the countries around the world. The exact reasons why hepatitis infection cases present in one season more than other are not completely understand. However, several researchers have suggested that the climatic and behavioral factors such as, summer travel to endemic area, swimming habits of the population in hot months, increase in sexual contact, tattoo, poor hygiene and environmental sanitation and food habits (feco-oral transmission of viral hepatitis) may play a significant role in the seasonal appearance of diseases.\[[@ref1][@ref2][@ref3]\]

However, none have documented a systematic review process or specifically focused on global seasonal patterns of viral hepatitis. Our objectives were to determine the seasonal pattern of viral hepatitis and possible seasonal trigger factors. We systematically reviewed the scientific literature to give an overview of the evidence available from the last 42 years and make recommendations for future research and prevention and control.

Materials and Methods {#sec1-2}
=====================

A systematic review of the literature was performed to identify all the primary reports and studies that have been published between January 1970 and September 2013, conducted on the prevalence and incidence of HAV, HBV, HCV and HEV infections in human subjects. The primary objective was to review and report on the current knowledge and evidence that exists on seasonality of different type of hepatitis worldwide. Studies were included if (i) they had been conducted continuously for a minimum of a full-year to cover all seasons, (ii) the primary outcome was a clinical and laboratory confirmed diagnosis of the diseases of interest in human subjects, (iii) the study reported case data temporally (day, week, month) (iv) the study was written in English and published in a peer reviewed journal, (v) study design did not include intervention trials or deals with chronic hepatitis and (vi) diagnosis of viral hepatitis infection was laboratory-confirmed using recognized tests. If one of the four criteria was not met, the report was excluded. For each report or study included, the following information was extracted (as applicable to study): Location (country and setting), study population (number of cases, patients), seasonal or monthly rate and study duration.

The studies were identified using electronic search of the United States National Library of Medicine and the National Institutes of Health Medical Database (PubMed) from its inception was conducted in September 2012. Search words used were: "Periodicity" and "Seasons" and "hepatitis." This list was extended by including also references from a recent review of hepatitis epidemiology and correspondence with scientific experts.

As a majority of the data in this review came from countries in the northern hemisphere, seasons were defined based on their occurrence in the Northern hemisphere: Winter (December-February), spring (March-May), summer (June-August) and autumn (September-November). For the countries located in the southern hemisphere like Brazil, data for December, January, February comprised the summer season; data for March, April and May the fall season; June, July and August the winter season; and September, October and November the spring season.\[[@ref3]\] Due to lack of consistency among the statistical methods used in most of the studies and limitation of data provide. Therefore, it was not possible to do statistical analysis to integrate the results.

Results {#sec1-3}
=======

Across four types of viral hepatitis infection (HAV, HBV, HCV and HEV), a total of 389 titles and abstracts was screened for eligibility. Of these, 28 studies from 18 countries conducted across 1970--2013 met the selection criteria and contributed to the systematic review. Key data from these studies are summarized in \[[Table 1](#T1){ref-type="table"}\].\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28]\] Three studies were included in this review does not contain information about the number of participants and the duration of studies were not available in three selected studies. Form a total of studies included in this review, 18 articles included results from patients with acute hepatitis A, eight studies reported on acute hepatitis B, 12 studies on acute hepatitis E (AHE) and five studies on acute hepatitis C (AHC). The seasonal distribution of viral hepatitis A, B, C and E showed a variable peak around the year with most prominent peak in the spring and summer in most of the countries subjects. For the viral hepatitis B infection, found no evidence of seasonality in half of studies included in this review.
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Discussion {#sec1-4}
==========

Based on data from 28 studies, irregular, cyclical patterns were observed for acute viral hepatitis, with most prominent peaks were shown in spring and summer for hepatitis A; B; C and E in some of the countries subjects. These findings have been explained by some authors as due to summer travel to an endemic area, swimming habits of the population in hot months, increase sexual contact, tattoo, poor hygiene and environmental sanitation, and food habits (feco-oral transmission of viral hepatitis).\[[@ref5][@ref20]\] HAV and HEV are communicable by way of the fecal-oral. On the other hand, HBV, HCV are contagious by blood and blood products, also may be transmitted by sexual intercourse and household exposure to an infected contact, exposure to multiple partners and perinatal exposure, particularly for hepatitis C, but the efficiency of transmission in these settings appears to be low.

Hepatitis A virus is an extremely stable virus and can survive for 12 weeks to 10 months in water.\[[@ref29][@ref30]\] This stability accounts for the frequent occurrence of waterborne and shellfish-transmitted outbreaks.\[[@ref31][@ref32][@ref33]\] In this regard, the virus is relatively resistant to heat or chemical inactivation and this situation allow the dissemination of HAV infection. Therefore, disruption of sanitation and water supplies was the most likely contributing factor for the seasonal occurrence of hepatitis A and E. A number of case reports has described water exposure as a possible risk factor for acquiring HEV infection: Swimming in a lake,\[[@ref34]\] through exposure to water from a high-pressure hose and water sourced from a stream which ran adjacent to a free-range pig farm.\[[@ref35]\] In The Netherlands 2/12 (17%) of monthly samples of river water used for drinking water production and recreation were found positive for HEV ribonucleic acid in two separate years.\[[@ref36]\] In south India, HEV strains isolated from sewage showed 94% to 100% nucleotide sequence similarity with the HEV strains isolated from the sporadic hepatitis cases. HEV RNA in sewage was identified more often during the summer (81.2%) than the monsoon season (14.5%) (*P* \< 0.001).\[[@ref37]\]

Furthermore, the peak incidence of HAV infection in the coast of Rio de Janeiro in Brazil was found during the rainy season. These findings indicate that the HAV infections transmitted indirectly through rainfall because these rains usually fill up the rivers so they could overflow and the persons could be contaminated with these waters. Other possible explanation is the swim habits of the population studied. All of them usually frequented the beaches of the Rio de Janeiro. The coast of Rio de Janeiro is very large and the city has a lot of rivers and waterfalls. Persons that lived at Rio de Janeiro usually swim at the beaches and rivers of the city. During the rainy season, the heavy runoff could cause contamination of these waters leading to excess of HAV infection during this season.\[[@ref20]\] The observation in some countries that the peak of the epidemic was during the winter months suggests that transmission of HAV and HEV is related to shellfish consumption. HAV infection is the most serious viral infection linked to shellfish consumption, causing a debilitating disease and occasionally, death. The first documented outbreak of "infectious hepatitis" occurred in Sweden in 1955, when 629 cases were associated with raw oyster consumption.\[[@ref1]\] Subsequently, many HAV-associated outbreaks have been reported worldwide. The most demonstrative one was the outbreak of HAV infection in Shanghai, China, in 1988, in which almost 300,000 cases were linked to the consumption of clams harvested from a sewage-polluted area.\[[@ref38][@ref39]\] The fairly protracted incubation period (mean duration, 4 weeks) of HAV infection makes it very difficult to determine the association with a particular food vehicle in sporadic cases. Normally, the food will not be available for testing at the time of diagnosis. Thus, it can be safely assumed that HAV infection associated with shellfish consumption is probably underreported. In addition, as shellfish consumption was found to be possibly one of the risk factors involved in AHE AHC it is now suspected that exposure to sewage or wastewater may contribute to HEV endemicity.\[[@ref40][@ref41]\]

Travel history and sexual activity, which is supposed to be higher in summer, may give us explanation regarding to the summer seasonal peak of acute viral hepatitis. In a study conducted in UK found that the higher sexual activity and unsafe sex coinciding with the summer vacation. Data relating to sexually transmitted infections and attendances for human immunodeficiency virus tests similarly show an increase in the months following Christmas and in late summer.\[[@ref42]\]

Injection drug use is the primary mode of transmission for HCV and HBV infection in the developed world. In one study conducted in USA, seroprevalence of HCV and HBV infection among long-term injection drug users were 85.0% for HCV and 77.4% for HBV and 64.7%, 49.8%, among those who had injected for 1 year or less.\[[@ref43]\] Interestingly, seasonality of illicit drug has been reported to be higher in winter than in summer among the USA teens (12--17 years of age). In another study conducted in Australia using arrest data found evidence of higher arrest rates for drug possession and use during the Australian fall and winter (April through July) and lower rates during the Australian spring (November and December).\[[@ref44]\] Additionally, a recent longitudinal study of cocaine and cocaine metabolites in wastewater reveal a clear seasonal difference indicative of human seasonal cocaine use patterns.\[[@ref45]\] This observation could be a help to explaining seasonal occurrence of HCV or HBV.

Regarding seasonal variation of the occurrence of hepatitis B, some authors detected a peak in either spring or summer, whereas, others found no seasonal peak. Vaccination against hepatitis B has been recommended in most of the countries for all newborns, infants and particular risk groups. This gives us an explanation for the reduction in the incidence of hepatitis B infection and consequently, reduce seasonal incidence peak in general. Furthermore, seasonal exposure to dietary aflatoxin has been reported to be associated with acutely and chronically HBV-infected patients with most prominent during April-July.\[[@ref46][@ref47]\]

Finally, the incubation period from time of exposure to the onset of symptoms can range from 2 weeks to 6 months and infection can be self-limited or chronic. Therefore, theoretically people who are infected in autumn or winter can develop active hepatitis shortly after infections are on average diagnosed 1--6 months after the first onset of symptom, resulting in a higher number of notifications in spring and summer. Furthermore, the number of unnotified or viral carrier cases is not known. These factors are potential confounders in the study of viral hepatitis seasonality variation.

In summary, this first systematic review on the seasonal variability of human viral hepatitis found that there is no definite and consistent seasonal pattern has been observed on viral hepatitis, although evidence points toward spring and summer peak. Multiple sources of transmission are likely to exist and these need to be further defined so that specific and appropriate preventive measures can be implemented.
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